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We propose a scheme to investigate the topological phase transition and the topological state
transfer based on the small optomechanical lattice under the realistic parameters regime. We find
that the optomechanical lattice can be equivalent to a topologically nontrivial Su-Schrieffer-Heeger
(SSH) model via designing the effective optomechanical coupling. Especially, the optomechanical
lattice experiences the phase transition between topologically nontrivial SSH phase and topologically
trivial SSH phase by controlling the decay of the cavity field and the optomechanical coupling. We
stress that the topological phase transition is mainly induced by the decay of the cavity field, which
is counter-intuitive since the dissipation is usually detrimental to the system. Also, we investigate
the photonic state transfer between the two cavity fields via the topologically protected edge channel
based on the small optomechanical lattice. We find that the quantum state transfer assisted by the
topological zero energy mode can be achieved via implying the external lasers with the periodical
driving amplitudes into the cavity fields. Our scheme provides the fundamental and the insightful
explanations toward the mapping of the photonic topological insulator based on the micro-nano
optomechanical quantum optical platform.
PACS numbers: 03.65.Vf, 73.43.Nq, 42.50.Wk, 07.10.Cm
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I. INTRODUCTION
Recently, topological insulator [1–4] has attracted
widespread attention in the field of condensed matter
physics since it possesses numerous novel properties, such
as the commensal existences of the insulating bulk state
and the conducting edge state. These newfangled prop-
erties lead topological insulator have abundant poten-
tial applications in quantum information processing [5–
7], quantum computing [8, 9], topological laser [10, 11],
etc. The previous investigations in the field of topolog-
ical insulator mainly aim to the solid state electronic
system [1, 2, 4], in which the topological models of the
single-electron or multi-electron have been widely inves-
tigated. With the very fast developing of the micro-
nano processing technology and the quantum optical
devices, multifarious bosonic optical systems have be-
came the excellent-performance and very-promising plat-
forms for the investigations of photonic topological insu-
lator [12, 13], including the topological phase and phase
transition in photonic crystal [14–20], photonic topolog-
ical insulator and photonic topological invariant in op-
tical fiber and optical waveguide [21–25], the analog of
the topological insulator in optical cavity and optical
resonator [26–32], the topological edge states and topo-
logical insulator in silicon photonics [33–35], topological
semimetal phase and topological phase transition in cir-
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cuit quantum electrodynamics system [36–40], etc.
In addition to the optical systems mentioned above,
the optomechanical system [41–44] consisting of the
radiation-pressure-coupled optical cavity field and the
micro-mechanical resonator, as a kind of burgeoning
quantum optical system, has drawn growing attention
for the investigations of various quantum matters both
in macro and micro scales [45–54]. Analogously, the
optomechanical lattice, which is composed by multiple
sets of single optomechanical system, has also became
an excellent candidate to handle the diversified multi-
body physics issues, such as the collective dynamics in
optomechanical array [55–57], the photon-phonon entan-
glement in coupled multi-optomechanical system [58],
the long-range optical transmission [59], the dynamical
phase transitions and excitation of solitons in optome-
chanical lattice [60–62], etc. Furthermore, the multiple
cavity fields and the resonators of the optomechanical
lattice, under the steady-state dynamics, provide us a
physical opportunity for the mapping of the topological
tight-binding model. For example, in Ref. [63], a scheme
has been proposed to induce a Z2 topological insulator
based on a optomechanical array. In Ref. [64], the Ander-
son localization effect has been revealed in a disordered
optomechanical arrays. Especially, in Ref. [65], a topo-
logically nontrivial Su-Schrieffer-Heeger (SSH) model has
been mapped based on the optomechanical arrays with
quench dynamics. However, the effects of the inherent
dissipation on the topology of the system, especially on
topological phase transition, in all of the above schemes,
are not yet clearly revealed.
In this paper, inspired by the matter mentioned above,
we propose a scheme to investigate the topological phase
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FIG. 1: Schematic of the 1D small optomechanical lattice.
The optomechanical lattice contains two unit cells, in which
each unit cell consists of a cavity field and a resonator. The
cavity field a1 (a2) is driven by an external laser with driving
amplitude Ω1 (Ω2) and driving frequency ωd,1 (ωd,2). The
decay of the cavity field a1 (a2) and the damping of the res-
onator b1 (b2) are κ1 (κ2) and γ1 (γ2), respectively.
and the phase transition based on a small optomechanical
lattice. We reveal that the effective steady-state Hamil-
tonian of the optomechanical lattice can be mapped into
a tight-binding Hamiltonian only possessing the nearest-
neighboring hopping. We find that, via designing the
effective optomechanical coupling, the effective tight-
binding Hamiltonian can be equivalent to a SSH model
with the nontrivial topology. Meanwhile, we propose two
different ways to resist the adverse impacts of the finite-
size effect caused by small lattice on the topology of the
system. Dramatically, by controlling the decay of the
cavity field and the optomechanical coupling, the topo-
logically nontrivial SSH phase can be transformed into a
topologically trivial SSH phase. In this way, the small
optomechanical lattice experiences the phase transition
between topologically nontrivial SSH phase and topo-
logically trivial SSH phase. Further, we investigate the
photonic state transfer of the cavity fields assisted by the
topological edge channel when the periodical drivings are
added into the cavity fields. The numerical results reveal
that the photonic state transfer can be achieved based
on the topological zero energy mode in the gap by choos-
ing the periodical driving appropriately. We stress that
our scheme explicates the feasibility and the rational-
ity of inducing the topological phase transition via the
inherent dissipation, which provides more possibilities of
the mapping between the optomechanical system and the
photonic topological insulator community.
The paper is organized as follows: In Sec. II, we
derivate the effective steady-state Hamiltonian of the
small optomechanical lattice and realize the mapping of
the tight-binding Hamiltonian. In Sec. III, we focus on
the topological SSH phase transition induced by the de-
cay of the cavity field and the optomechanical coupling.
In Sec. IV, we investigate the photonic topological state
transfer via implementing the periodical drivings of the
cavity fields. Finally, a conclusion is given in Sec. V.
II. MODEL AND HAMILTONIAN
We consider a one dimensional (1D) small optome-
chanical lattice consisting of two optical cavity fields and
two resonators, in which the two optical cavity fields are
driven by two external lasers with the driving amplitudes
Ω1 and Ω2, as shown in Fig. 1. Then, the system can be
described by the Hamiltonian
H =
∑
j=1,2
[
ωa,ja
†
jaj + ωb,jb
†
jbj
]
+
∑
j=1,2
[
Ωja
†
je
−iωd,jt + Ω∗jaje
iωd,jt
]
−
[
g1(a
†
1a1 − a†2a2)(b†1 + b1) + g2a†2a2(b†2 + b2)
]
,
(1)
where a†n (an) and b
†
n (bn) are the creation (annihilation)
operators of the cavity fields and resonators. The first
summation of the above Hamiltonian is the free energy
of the cavity fields and the resonators with the frequency
ωa,j and ωb,j . The second summation represents the driv-
ing term of the external lasers with the driving frequency
ωd,j . And the last term is the coupling between the cavity
fields and the resonators with the single-photon optome-
chanical couplings g1 and g2. After performing a rotating
transformation defined by the external driving frequency,
the Hamiltonian becomes
H1 =
∑
j=1,2
[
∆a,ja
†
jaj + ωb,jb
†
jbj + Ωja
†
j + Ω
∗
jaj
]
−
[
g1(a
†
1a1 − a†2a2)(b†1 + b1) + g2a†2a2(b†2 + b2)
]
,
(2)
where ∆a,j = ωa,j−ωd,j is the detuning between the cav-
ity fields and the external lasers. To further investigate
the steady-state dynamics of the small optomechanical
lattice, we implement the standard linearization process
via rewriting the operators as aj = 〈aj〉+ δaj = αj + δaj
(bj = 〈bj〉 + δbj = βj + δbj). After dropping the nota-
tion “δ” for all the fluctuation operators δaj (δbj), the
Hamiltonian can be rewritten as
H1 =
∑
j=1,2
[
∆
′
a,ja
†
jaj + ωb,jb
†
jbj
]
−
[
g1(α1a
†
1 + α
∗
1a1 − α2a†2 − α∗2a2)(b†1 + b1)
+g2(α2a
†
2 + α
∗
2a2)(b
†
2 + b2)
]
,
(3)
where ∆
′
a,1 = ∆a,1 − g1(β1 + β∗1) and ∆
′
a,2 = ∆a,2 +
g1(β1 + β
∗
1) − g2(β2 + β∗2) are the effective cavity field
detuning originating from the optomechanical coupling.
Under the red-detuning condition, the counter rotating
wave terms can be removed effectively, and the final ef-
fective Hamiltonian can be written as
Heff =
[
−G1a†1b1 +G2a†2b1 −G3a†2b2
]
+ H.c., (4)
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FIG. 2: The steady-state cavity fields versus the time t. (a) The distributions of the steady-state cavity fields α1 and α2.
(b) The difference between the steady-state cavity field α1 and the steady-state cavity field α2. (c) The ratio between the
steady-state cavity field α1 and the steady-state cavity field α2. In (a), (b), and (c), the parameters take ωb,1 = ωb,2 = ωb,
∆a,1 = ∆a,2 = ωb, g1 = g2 = 1 × 10−6ωb, Ω1 = Ω2 = 1 × 105ωb, κ1 = κ2 = 0.1ωb, and γ1 = γ2 = 1 × 10−5ωb. (d) The
distributions of the steady-state cavity fields α1 and α2. (e) The difference between the steady-state cavity field α1 and the
steady-state cavity field α2. (f) The ratio between the effective optomechanical coupling |G1| and the effective optomechanical
coupling |G3|. In (d), (e), and (f), g1 = 1.023×10−6ωb, g2 = 1.0×10−6ωb, and other parameters are the same as the parameters
in (a), (b), and (c). We set ωb = 1 as the energy unit.
where G1 = g1α1, G2 = g1α2, and G3 = g2α2 are the ef-
fective optomechanical couplings with α1, α2, and α3 be-
ing the final steady-state cavity fields. The above Hamil-
tonian only possesses the interactions between the two
adjacent cavity field and the resonator, which is equiva-
lent to the tight-binding Hamiltonian in form. It means
that the present small optomechanical lattice can be
mapped into a topological tight-binding model depend-
ing on the different values of the effective optomechanical
couplings.
III. TOPOLOGICAL PHASE AND PHASE
TRANSITION BASED ON THE SMALL
OPTOMECHANICAL LATTICE
As mentioned above, the different forms of the effective
optomechanical couplings determine the topology of the
optomechanical lattice. Meanwhile, the effective optome-
chanical couplings are closely related to the final steady-
state cavity fields, implying that the final steady-state
cavity fields need to be analyzed. The final steady-state
cavity fields can be determined by the following steady-
state equations, with
α˙1 = −i[∆a,1 − g1(β1 + β∗1)]α1 − iΩ1 −
κ1
2
α1,
β˙1 = −i(ωb,1β1 − g1|α1|2 + g1|α2|2)− γ1
2
β1,
α˙2 = −i[∆a,2 + g1(β1 + β∗1)− g2(β2 + β∗2)]α2
−iΩ2 − κ2
2
α2,
β˙2 = −i(ωb,2β2 − g2|α2|2)− γ2
2
β2, (5)
where κj and γj (with j = 1, 2) are the decay of the cavity
fields and the damping of the resonators, respectively.
The above steady-state equations indicate that, after a
long time of evolution, the system may enter into the
steady state due to the existence of the decay of the cavity
fields. In the following, we focus on the effects of the final
steady-state cavity fields on the effective optomechanical
coupling and the topology of the small optomechanical
lattice.
4FIG. 3: The energy spectrum and the distribution of gap
state. (a) The energy spectrum of the SSH model when the
intra-cell and inter-cell coupling satisfy |G1| = |G3| < |G2|.
(b) The distribution of the blue gap state in (a), in which
the gap state has the maximal distributions at the two ends
cavity fields. The parameters are the same as the parameters
in Figs. 2(d)-2(f). We set ωb = 1 as the energy unit.
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FIG. 4: The steady state dynamics of the small optomechan-
ical lattice when κ1  κ2. (a) The two final steady cavity
fields versus the time t. (b) The ratio between the effective
optomechanical coupling |G1| and |G3|. (c) The energy spec-
trum of the small optomechanical lattice. The two colored
lines represent the two gap states. (d) The distribution of the
blue gap state in (c), in which the gap state has the maximal
distributions at the two ends cavity fields. The maximal dis-
tributions at the two ends cavity fields are larger than the dis-
tributions in Fig. 3. The parameters take g1 = 2.015×10−6ωb,
g2 = 1.0 × 10−6ωb, κ1 = 3.5ωb, and κ2 = 0.1ωb. Other pa-
rameters are the same as parameters in Fig. 3. We set ωb = 1
as the energy unit.
A. Mapping of topological Su-Schrieffer-Heeger
model
We first consider a parameter regime, in which the key
parameters satisfy g1 = g2 and κ1 = κ2. We find that the
final steady-state cavity fields α1 and α2 are indeed sta-
bilized at fixed values, as shown in Fig. 2(a). Especially,
under the steady state regime, the final steady-state cav-
ity fields satisfy |α1| < |α2| at any moment, as shown
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FIG. 5: The steady state dynamics of the small optome-
chanical lattice under the large κ1 limit. (a) The two final
steady cavity fields versus the time t. (b) The ratio between
the effective optomechanical coupling |G1| and |G3|. (c) The
energy spectrum of the small optomechanical lattice. The
energy spectrum approximately has two degenerate zero en-
ergy modes. (d) The distribution of the blue gap state in
(c), in which the gap state only has the maximal distribu-
tions at the two ends cavity fields. The parameters take
g1 = 5.12 × 10−6ωb, g2 = 1.0 × 10−6ωb, κ1 = 10ωb, and
κ2 = 0.1ωb. Other parameters are the same as parameters in
Fig. 3. We set ωb = 1 as the energy unit.
0 2000 4000 6000 8000
0.9
0.95
1
1.05
1.1 (b)
FIG. 6: The steady state dynamics of the small optome-
chanical lattice with three unit cells. (a) The three final
steady cavity fields versus the time t. (b) The ratio be-
tween the two effective optomechanical coupling. We have
| − G1| = |G3| = | − G5| and |G2| = |G4| approximately,
which ensures the coupling configuration of the SSH model.
The parameters take g1 = 1.028×10−6ωb, g2 = 1.0×10−6ωb,
g3 = 0.975×10−6ωb, κ1 = 0.5ωb, κ2 = 0.2ωb, and κ3 = 0.1ωb.
Other parameters are the same as parameters in Fig. 3. We
set ωb = 1 as the energy unit.
in Fig. 2(b). The phenomenon is spontaneously induced
by the physical structure of the small optomechanical
lattice, namely, the second cavity field couples two res-
onators at the same time comparing with the first cavity
field. Thus, the effective optomechanical couplings sat-
isfy |−g1α1| < |g1α2| (|G1| < |G2|), which means that the
intra-cell hopping is weaker than the inter-cell hopping if
5we treat the cavity field a1 (a2) and resonator b1 (b2) as
one unit cell. It indicates that the effective tight-binding
Hamiltonian in Eq. (4) can be potentially mapped into
a topological SSH model. However, the premise is that
the third effective optomechanical coupling G3 must sat-
isfy |G3| = |G1|, which is obviously impossible since
|G1|
|G3| =
|α1|
|α2| < 1, as shown in Fig. 2(c). Thus, we
need further to modulate the optomechanical coupling
g1 and g2 to ensure the condition of |G3| = |G1|, such
as g1 = 1.203g2. The final steady-state cavity fields, un-
der the new parameter regime, are still stabilized at fixed
values and satisfy |α1| < |α2| (|G1| < |G2|), as shown in
Figs. 2(d) and 2(e). Especially, as shown in Fig. 2(f),
the third effective coupling now satisfies |G3| = |G1|. In
this way, the final effective tight-binding Hamiltonian in
Eq. (4) becomes
H =
[
−G1a†1b1 +G2a†2b1 −G1a†2b2
]
+ H.c.. (6)
Obviously, the above Hamiltonian is equivalent to a tight-
binding SSH-type Hamiltonian only possessing two unit
cells with intra-cell coupling −G1 and inter-cell coupling
G2. As shown in Figs. 2(d) and 2(e), the numerical re-
sults indicate that, under the steady state, the intra-cell
coupling −G1 and inter-cell coupling G2 always satisfy
|−G1| < |G2|, which means that the small optomechani-
cal lattice has two edge modes locating at the first cavity
field and the last resonator respectively. To further clar-
ify it, we plot the energy spectrum of the SSH model
and the distribution of the gap state, as shown in Fig. 3.
The numerical results reveal that, the energy spectrum
of the present tight-binding SSH model indeed has two
nonzero gap states locating into the gap, as shown in
Fig. 3(a). And the gap state of the SSH model has the
maximal distributions at the two ends cavity fields, as
shown in Fig. 3(b). Note that the gap state also has
certain distributions at bulk sites, implying the insuffi-
ciently topological edge localizations. The reason is that,
as shown in Figs. 2(d) and 2(e), although the effective
optomechanical couplings satisfy |G1| < |G2|, the differ-
ence between two effective optomechanical couplings is
relatively small. As well known, in the usual SSH model,
the larger difference between the inter-cell and intra-cell
couplings corresponds to the stronger localized effects of
the edge states. Thus, the relatively small difference be-
tween the inter-cell and intra-cell couplings leads that the
localized effects of the edge states are weakened. Besides,
the present optomechanical lattice only has four lattice
sites, which indicates that the finite-size effect [66–68]
further aggravates the weakening of the localized effects.
B. Strengthened topological effects induced via
two different ways
As mentioned above, the condition of | − G1| = | −
G3| < |G2| leads that the two gap states are separated
by a finite gap and the localized effects of the gap states
are weakened. Actually, we have two ways to avoid the
weakened topologically localized effects of the gap states,
in which one way is that we take the condition of |−G1| =
| −G3|  |G2| to ensure that the inter-cell and intra-cell
couplings have large enough difference, while, another
way is that we increase the size of the system directly.
The condition | − G1| = | − G3|  |G2| actually im-
plies that the parameters should satisfy |α1|  |α2| and
g1  g2. In the optomechanical system, the photons
will eventually decay into the vacuum accompanying with
a smaller final steady cavity field when the cavity field
takes a large decay rate. Thus, the condition |α1|  |α2|
can be realized via choosing the decay of the cavity fields
to satisfy κ1  κ2. For example, when κ1 = 3.5ωb and
κ2 = 0.1ωb, we find that the two final steady cavity fields
indeed satisfy α1  α2, as shown in Fig. 4(a). In this
way, we approximately have | − g1α1|  |g1α2|, namely,
|−G1|  |G2|. Note that we still need the parameters to
satisfy | −G1| = |G3| to realize the mapping of the SSH
model, which can be easily realized via choosing the op-
tomechanical coupling g1 and g2 as g1 = 2.015× 10−6ωb
and g2 = 1×10−6ωb. The numerical results of |G1||G3| versus
the time t are plotted in Fig. 4(b). Obviously, under the
present parameter regime, the condition of |G1| = |G3|
can be satisfied, implying that the small optomechani-
cal lattice can be mapped into a topologically nontrivial
SSH model. To further verify it, we plot the energy spec-
trum and the distribution of the gap state, as shown in
Figs. 4(c) and 4(d). The numerical results reveal that, as
shown in Fig. 4(c), the larger decay κ1 = 3.5ωb leads that
the two originally separated gap states move toward each
other. Meanwhile, the localizations of gap state at two
ends sites are strengthened while the distributions of gap
state at bulk sites are weakened, as shown in Fig. 4(d).
Similarly, we can further increase the decay of the first
cavity to further strengthen the topological effect of the
small optomechanical lattice. The numerical results, un-
der the large κ1 limit with κ1 = 10ωb, are shown in Fig. 5.
We find that the final steady-state cavity field of the first
cavity indeed further decreases, inducing the larger dif-
ference between the intra-cell coupling −G1 and inter-cell
coupling G2, as shown in Fig. 5(a). At the same time, we
can also ensure the condition of |G1| = |G3| to realize the
mapping of the SSH model, as shown in Fig. 5(b). The
energy spectrum and the distribution of the gap state
are shown in Figs. 5(c) and 5(d). The numerical results
reveal that the large cavity decay limit κ1 = 10ωb leads
that the two originally separated gap states become de-
generate approximately and the gap state is localized at
two ends completely. These phenomena imply that the
present small optomechanical lattice can be mapped into
a topologically nontrivial SSH phase.
In addition to the condition of |−G1| = |−G3|  |G2|,
another way to suppress the effects of the size effect on
the gap states is that, we increase the size of the op-
tomechanical lattice directly depending on the scalability
of the single optomechanical system. In this way, for a
large enough optomechanical lattice with N unit cells, we
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FIG. 7: The steady state dynamics of the small optomechan-
ical lattice when |G1| = |G2| = |G3|. (a) The two final steady
cavity fields versus the time t. (b) The ratio between the
effective optomechanical couplings G1|, |G2| and |G3|. (c)
The energy spectrum of the small optomechanical lattice. (d)
The distribution of the blue state in (c). The parameters take
κ1 = 0.1ωb and κ2 = 0.412ωb. Other parameters are the same
as the parameters in Figs. 2(a)-2(c). We set ωb = 1 as the
energy unit.
should ensure G1 = G3 = ... = G2N−1, G2 = G4 = ... =
G2N−2, and G1 = G3 = ... = G2N−1 < G2 = G4 = ... =
G2N−2 to map the topologically nontrivial SSH model.
Naturally, these conditions need the corresponding pa-
rameters to satisfy |α1| < |α2| < |α3| < ... < |αN | and
g1 > g2 > g3 > ... > gN , which, further needs the decay
of the cavity fields to satisfy κ1 > κ2 > κ3 > ... > κN .
We can always find a set of parameters to satisfy the
above conditions. To illustrate it intuitively and simply,
we focus on the case of N = 3, and the corresponding re-
sults are shown in Fig. 6. Obviously, we can easily obtain
the condition of |α1| < |α2| < |α3|, as shown in Fig 6(a).
And we also have |G1| = |G3| = |G5| and |G2| = |G4| ap-
proximately, as shown in Fig. 6(b). In this way, we can
easily expand the number of the unit cell N to a large
number, which will directly decrease the effects of the
size effect on the topology of the system. Meanwhile, it
means that the topologically nontrivial optomechanical
SSH model with large scale can be realized to construct
the long SSH chain in 1D and SSH network in two di-
mension (2D).
C. Topological phase transition induced via the
cavity decay
All the above discussions are mainly based on the
changed decay of the first cavity and the fixed decay of
the second cavity, which ensures the nontrivial topology
of the small optomechanical lattice. We have revealed
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FIG. 8: The steady state dynamics of the small optomechani-
cal lattice when |G1| = |G3|  |G2|. (a) The two final steady
cavity fields versus the time t. (b) The ratio between the
effective optomechanical couplings |G1| and |G3|. (c) The en-
ergy spectrum of the small optomechanical lattice. (d) The
distribution of the blue state in (c). The parameters take
g1 = 1.0 × 10−6ωb, g2 = 2.7375 × 10−6ωb, κ1 = 0.1ωb and
κ2 = 5ωb. Other parameters are the same as the parameters
in Figs. 2(a)-2(c). We set ωb = 1 as the energy unit.
that, for a specific cavity field, the larger decay of the
cavity field corresponds to a smaller final steady cavity
field. Thus, when the decay of the first cavity field is fixed
and the decay of the second cavity field is decreased, the
final two steady state cavity fields may satisfy |α1| > |α2|
(|G1| > |G2|), which may further determine the trivial
topology. In this way, via designing the decay of the sec-
ond cavity fields appropriately, we may realize the topo-
logical phase transition between the nontrivial SSH phase
and the trivial SSH phase.
In Fig. 3, we have demonstrated that the topological
SSH model can be realized when |α1| = |α3| < |α2| (the
topological effect is unconspicuous). Based on the conclu-
sions revealed in Fig. 3, it is easy to find that, with the
decay of the second cavity field increasing continually,
the final steady-state cavity field α2 decreases continu-
ally. For example, when κ1 = 0.1ωb and κ2 = 0.412ωb,
we find that the two final steady-state cavity fields now
satisfy |α1| = |α2|, as shown in Fig. 7(a). Besides, the
optomechanical couplings g1 = g2 = 1.0 × 10−6ωb also
ensure that the third effective optomechanical coupling
satisfies |G1||G3| = 1, as shown in Fig. 7(b). Thus, the sys-
tem always has |G1| = |G2| = |G3|, which leads that the
system corresponds to a critical point of phase transition
since the intra-cell couplings are identical with the inter-
cell couplings. To further verify it, we plot the energy
spectrum and the distribution of the gap state, as shown
in Figs. 7(c) and 7(d). The numerical results reveal that,
compared with the case in Fig. 3(a), the condition of
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FIG. 9: Schematic of the 1D small optomechanical lattice
with the odd number of lattice sites. The cavity field a1 (a2)
is driven by an external laser with driving amplitude Ω1(t)
(Ω2(t)) and driving frequency ωd,1 (ωd,2). The decay of the
cavity field a1 (a2) and the damping of the resonator b1 are
κ1 (κ2) and γ1, respectively.
|G1| = |G2| = |G3| leads that the two originally sepa-
rated gap states begin to move toward two bulk energy
levels, as shown in Fig. 7(c). At the same time, the distri-
butions of the gap state at two ends sites decrease while
the distributions of the gap state at bulk sites increase,
as shown in Fig. 7(d).
With the decay of the second cavity field further in-
creasing, such as κ1 = 0.1ωb and κ2 = 5ωb, we find
that the second final steady-state cavity field further de-
creases, leading to |α1|  |α2|, as shown in Fig. 8(a).
Besides, the optomechanical couplings g1 = 1.0×10−6ωb
and g2 = 2.7375 × 10−6ωb also ensure the third effec-
tive optomechanical coupling to satisfy |G1| = |G3|, as
shown in Fig. 8(b). In this way, the system always has
|G1| = |G3|  |G2|, which leads the system to be equiv-
alent to a topologically trivial SSH phase since the intra-
cell couplings are much larger than the inter-cell cou-
plings. Similarly, we also plot the energy spectrum, as
shown in Fig. 8(c). The numerical results indicate that
the two separated gap states further move toward two
bulk energy levels and finally integrate into the bulk,
leading that the gap states disappear and the system only
possesses two bulk energy bands, as shown in Fig. 8(c).
This phenomenon implies that the present small optome-
chanical lattice is a topological trivial phase. To further
clarify it, we plot the distributions of the original gap
state, as shown in Fig. 8(d). The results show that the
original gap state now becomes an extended state com-
pletely.
Based on the conclusions mentioned above, it means
that, via controlling the decay of the second cavity fields,
we can induce the phase transition between the topolog-
ically nontrivial SSH phase and the topologically trivial
SSH phase through the critical point of phase transition.
Our scheme provides a new stage toward the realization
of topological phase transition induced by the dispassion
based on the small optomechanical lattice.
IV. PHOTONIC TOPOLOGICAL STATE
TRANSFER BASED ON A SMALL
OPTOMECHANICAL LATTICE WITH
PERIODICAL DRIVING
The optomechanical lattice provides a new kind of plat-
form to investigate the SSH model with nontrivial topo-
logical edge states. The nontrivial edge states have many
potential applications in quantum information processing
and quantum computation, such as, the robust quantum
state transfer assisted by the edge channel [5–7]. Note
that, in Ref. [7], we have proposed a controllable pho-
tonic and phononic topological state transfer scheme, in
which the realization of the state transfer depends on
the assumption of the periodically modulated effective
optomechanical coupling. However, the insightful mech-
anism of the modulated terms, under the realistic pa-
rameters regime, is not fully revealed. Here, to reveal
the insightful mechanism, we propose a small optome-
chanical lattice composed by two cavity fields and one
resonator, in which the two cavity fields are driven via
two periodically time-dependent external laser, as shown
in Fig. 9.
We stress that we mainly aim to reveal the physical
feasibility of the modulated effective optomechanical cou-
pling Gn under the realistic parameters regime, rather
than the discussions of large-scale scalability. Thus, once
the physical feasibility of the modulated effective optome-
chanical coupling Gn based on the small lattice, under
the realistic parameters regime, is fully demonstrated,
the large-scale optomechanical lattice can be naturally
extended.
The present small optomechanical lattice, besides can
keep its the simplest form in space, also has the follow-
ing significant advantages. As revealed in Ref. [6], the
topological state transfer is protected by the energy gap,
meaning that the larger energy gap ensures the system to
be more robust to the disorder and perturbation. Note
that the SSH model with small size exhibits a larger en-
ergy gap compared with the SSH model with the large
size, implying the strengthened topological protection,
namely, the state transfer in the small optomechanical
lattice is more immune to the disorder and perturbation
in experiment. Moreover, the topological state transfer
needs that the varying of the parameter is much smaller
than the energy gap for the satisfaction of the adiabatic
evolution [6]. Naturally, for the smaller optomechani-
cal lattice with the larger energy gap, the varying of the
parameter can be relatively faster compared with the op-
tomechanical lattice with the larger size. In this way, the
adiabatic condition can be realized much easier in exper-
iment.
Thus, in the following, we focus on the optomechanical
lattice with three sites to clarify the feasibility of the state
transfer. For example, we take the two cavity fields to
be driven by two time-dependent lasers with amplitudes
Ω1(t) = Ω(1− cos ν1t) and Ω2(t) = Ω(1 + cos ν2t). Then,
the effective steady-state dynamic can be dominated by
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FIG. 10: The steady-state cavity fields, energy spectrum, and the distribution of the gap state in the small optomechanical
lattice. (a) The distributions of the steady-state cavity fields α1 and α2. (b) The energy spectrum of the the small optome-
chanical lattice with three lattice sites. (c) The distribution of the zero energy mode with the time t. The parameters take
ωb,1 = ωb, ∆a,1 = ∆a,2 = ωb, g1 = 1× 10−6ωb, Ω = 1× 105ωb, ν1 = ν2 = 0.006ωb, κ1 = κ2 = 0.1ωb, and γ1 = γ2 = 1× 10−5ωb.
We set ωb = 1 as the energy unit.
the following Hamiltonian, with
H = −g1α1(a†1b1 + b†1a1) + g1α2(a†2b1 + b†1a2), (7)
where g1 is the optomechanical coupling between the two
cavity fields and the resonator, α1 and α2 are the final
steady-state cavity fields. The final steady-state cavity
fields α1 and α2 can be described by the following differ-
ential equations, with
α˙1 = −i[∆a,1 − g1(β1 + β∗1)]α1 − iΩ1(t)−
κ1
2
α1,
β˙1 = −i(ωb,1β1 − g1|α1|2)− γ1
2
β1,
α˙2 = −i[∆a,2 + g1(β1 + β∗1)]α2 − iΩ2(t)−
κ2
2
α2, (8)
where ∆a,1 (∆a,2) is the cavity field detuning, κ1 (κ2)
is the decay of the first (second) cavity field, and γ1 is
the damping of the resonator. According to Floquets
theory [69, 70], the final steady-state cavity fields will
have the same period of the driving amplitudes in the
long-time limit, which means that the effective optome-
chanical couplings −g1α1 and g1α2 should also be peri-
odically time-dependent. It indicates that we can realize
the mapping of modulated topological SSH model with
odd number of lattice sites if we regard the cavity field
a1 (a2) and the resonator b1 as the sites of the optome-
chanical lattice. To further clarify it, we plot the final
steady-state cavity fields α1 and α2 versus the time t
when ν1 = ν2 = ν = 0.006ωb, as shown in Fig. 10(a). The
numerical results reveal that the final steady-state cavity
fields α1 and α2 are indeed periodically time-dependent
and have the same period as the time-dependent driv-
ing amplitudes Ω1(t) and Ω2(t). Thus, we have steady-
state cavity fields α1 ≈ (1 − cos νt) × 105ωb and α2 ≈
(1+cos νt)×105ωb, which leads that the effective optome-
chanical couplings satisfy −g1α1 ≈ −0.1(1 − cos νt)ωb
and g1α2 ≈ 0.1(1 + cos νt)ωb. Thus, the effective tight-
binding Hamiltonian can be written as (in the unit of
ωb)
H = −0.1(1− cos νt)(a†1b1 + b†1a1)
+0.1(1 + cos νt)(a†2b1 + b
†
1a2). (9)
Obviously, the above effective Hamiltonian is equiv-
alent to a periodical-modulated SSH model, in which
the parameter νt is equivalent to the periodic parame-
ter θ in Ref. [7]. To further illuminate it, we simulate
the energy spectrum numerically via using the effective
optomechanical couplings −g1α1 and g1α2, as shown in
Fig. 10(b). The numerical results reveal that the present
small optomechanical lattice always has a zero energy
mode locating in the gap, which means that the present
small optomechanical lattice with periodical driving can
indeed be mapped into a periodically modulated SSH
model with the odd number of lattice sites. The peri-
odically modulated SSH model with the odd number of
lattice sites is widely used to implement the quantum
state transfer [5–7] via the topological zero energy mode.
We simulate the distribution of the zero energy state with
the developing of the time t, as shown in Fig. 10(c). Ob-
viously, the zero energy mode is localized at the first
cavity field and the last cavity field alternately with the
developing of the time t, which implies that we can re-
alize the state transfer between the two cavity fields via
the zero energy mode. As mentioned above, the system
needs to satisfy the adiabatic evolution condition, which
means that the parameter ν needs to be less than the en-
ergy gap to satisfy the adiabatic evolution condition [6]
in the state transfer scheme. As shown in Fig. 10 (b),
the minimal energy gap of the system is about 0.2ωb,
which is much larger than parameter ν (ν = 0.006ωb). It
means that the state transfer scheme assisted by topolog-
ical zero energy mode can be achieved under the present
parameters regime.
We stress that, all the above discussions are based on
a small optomechanical lattice with three lattice sites.
Meanwhile, our scheme of controllable photonic topo-
9logical state transfers can also be extended to a large
scale of the optomechanical lattice relying on the feasi-
bility of the manipulation at single site level. In this
way, the large scale of quantum information processing
can be constructed based on the optomechanical lattice,
which greatly extends the applications of the topological
optomechanical system in quantum information process-
ing.
V. CONCLUSIONS
In conclusion, we have proposed a scheme to investi-
gate the topological SSH phase transition and photonic
topological state transfer based on the small optome-
chanical lattice. After deriving the effective steady-state
Hamiltonian, we find that the small optomechanical lat-
tice can be mapped into a tight-binding model. We re-
veal that, the system can be equivalent to a topologically
nontrivial SSH phase by choosing the appropriate effec-
tive optomechanical coupling. Note that, the excepted
topological phase transition can be obtained via control-
ling the decay of the cavity field and the optomechani-
cal coupling, in which the system experiences the phase
transition between the topologically nontrivial SSH phase
and topologically trivial SSH phase through the critical
point of phase transition. Besides, we also investigate
the photonic topological state transfer based on the small
optomechanical lattice when the cavity fields are driven
by the external lasers with different periodically time-
dependent amplitudes. Our scheme provides the new and
the possible optical platform to induce the topological
phase transition and realize the topologically protected
state transfer.
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